ABSTRACT
INTRODUCTION
Ischemia may lead to cerebral infarction, which is considered as one of the cerebral hypoxia-the major cause of death all over the world (Mohr et al. 1978) . Exposure of human and laboratory animals to hypoxia results in metabolic failure (Elwyn 1970; Ferber et al. 1981; Muratsubaki et al. 2003) , such as depletion of adenosine triphosphate (ATP) stores, enhanced anaerobic glycolysis, activation of calciumstimulated enzymes, mitochondrial dysfunction, and induced formation of reactive oxygen species (ROS) that produces tissue damage (Amerisco and Sahai 1997; Smis and Anderson 2002; Endres et al. 2004 ). The toxicity of nitrite arises from the formation of N-nitroso compounds. The acute toxic effect of nitrite moiety occurs through its ability to oxidize the oxyhemoglobin to methemoglobin, a substance that interferes with the ability of blood cells to carry oxygen in the body (Ger et al. 1996) . Elevated levels of methemoglobin (more than 10% of the total hemoglobin) causes cyanosis, or blue skin and brown blood. The affected person goes into anoxia, coma and may die (Linberg et al. 1998) . Nitric oxide (NO) produced by the endothelial isoform of nitric oxide synthase (NOS) is beneficial (Huang et al. 1996) . Endothelial-derived NO may suppress neuronal damage through its powerful vasodilation effects on vascular beds (Zhang and Iadecola 1994) . NO in the brain may have neuroprotective role via scavenging of ROS (Wink et al. 1995; Pluta et al. 2001 ) and by its anti-inflammatory effect (Bath et al. 1991) . Antioxidants, prevent oxidative stress induced by the ROS and different oxidatives (Halliwell 1992; Palozza et al. 1997) . Thus, antioxidants and/or free radical scavengers capable of easily crossing the brain barrier are candidates that provide protection in experimental hypoxia models (Hall et al. 1996) . Therefore, administration of L-arginine (L-arg), which is a precursor for the synthesis of NO has been considered to be beneficial in the treatment of acute hypoxia (Cernadas et al. 1992; Hishikawa et al. 1992; Mehata et al. 1996; Salter et al. 1996; Schutz et al. 1997) . L-arginine is a conditionally nonessential amino acid that has numerous functions in the body. L-arginine plays an important role in cell division, and immune function (Andrew and Mayer 1999; Witte and Barbul 2003; Wu et al. 2004; Stechmiller et al. 2005) , reduces healing time of injuries, quickens repair time of damaged tissue (Senberg et al. 2005) and helps in decreasing blood pressure (Gokce 2004) . Carnosine (beta-alanyl-L-histidine) is a dipeptide of the amino acids, beta-alanine and histidine. It is highly concentrated in muscle and brain tissues, It can chelate divalent metal ions, scavenges (ROS) as well as unsaturated aldehydes formed from the peroxidation of cell membrane fatty acids during oxidative stress (Ali 2012) . It has been reported that carnosine inhibits mRNA expression of apoptosis-inducing factor (AIF) and caspase-3, increases superoxide dismutase (SOD) activity and decreases malondialdehyde (MDA) level when given to mice (Flock et al. 1951) . The determination of plasma free amino acid levels is important when studying protein and amino acid metabolism. The branched chain amino acids (BCAAs), which include leucine, isoleucine, and valine, are readily metabolized in the muscle (Elwyn 1970) , while aromatic amino acids (AAAs), which include phenylalanine and tyrosine are degraded in the liver. The plasma level of this latter group can be an indicator of tissue damage (Gonchar et al. 2006 ).
The objective of this study was to assess whether using L-arginine and/or carnosine, the free radical scavengers would ameliorate metabolic failure resulting from the experimental model of hemic hypoxia (sodium nitrite-induced hypoxia) in the rats, and if the combination regime give the most promising effect or the individual antioxidants. After 1 h of sodium nitrite injection, rats were sacrificed by cervical decapitation, blood was collected, and plasma and serum were separated and stored at −80°C for the various biochemical evaluations.
MATERIAL AND METHODS

Drugs and Chemicals
Biochemical Analysis Determination of Blood Hemoglobin
Hemoglobin was assayed in the whole blood by its oxidation to methemoglobin with alkaline ferricyanide reagent (Drabkin's reagent), giving intensely colored cynmethemoglobin, which was measured at 540 nm. The results are expressed as g/dl (Drabkin and Austin 1935) .
Determination Serum Biochemical Parameters Determination of LDH activity
The activity of LDH was measured using the kits obtained from Bio-Mèrieux-RCS (Lyon, France).
Determination of Malondialdehyde (MDA) level:
MDA, as an index of lipid peroxidation, was measured according to the method of Ohkawa et al. (1979) using the kit provided by Randox Company. The pink color developed due to the reaction of malondialdehyde with thiobarbituric acid (TBA) in acid medium was measured spectrophotometrically at 520 nm and 535 nm, using 1, 1, 3, 3-tetramethoxy propane as standard free malonyldialdehyde (MDA) standard curve, and extraction of the chromogen with n-butanol to increase the assay specificity.
Determination of amino acid and enzyme concentrations
Plasma amino acid concentrations were assayed using the High Performance Liquid Chromatography (HPLC) method of SRL Co., Inc. (Hachioji, Tokyo, Japan) (Kedenburg 1971) .
Calculation of Fischer's Ratio
Fischer's ratio was calculated as the sum of the plasma valine, leucine and isoleucine (BCAAs) levels divided by the sum of the phenylalanine and tyrosine (AAAs) levels (Fischer et al. 1976 ).
Statistical Analysis
Data are expressed as mean ±SEM. Differences between the groups were analyzed using one way analysis of variance (ANOVA), followed by Tukey Krammer posthoc multiple test. The level of significance was set at p < 0.05, p < 0.01 and p < 0.001. Statistical analysis was performed using the Graph pad Instat 3 software Inc, San Diego, CA, USA. The limit of significance for Figures 1, 2 and 3 was P < 0.05; a: Significantly different from control group. b: Significantly different from sodium nitrite-treated group.
RESULTS
Effects of pretreatment with L-arginine and/or carnosine and their combination on blood Hemoglobin concentration as well as LDH and lipid peroxides serum levels
The present data revealed that hypoxia produced by sodium nitrite significantly decreased blood hemoglobin concentration and significantly increased serum activity of injury marker enzyme LDH as well as MDA levels compared with the normal control rats at P<0.05. Pretreatment of the hypoxic rats with L-arginine, or carnosine alone, or in combination significantly restored hemoglobin, LDH and MDA levels. The combination protocol exhibited best results in these concerns (Figs. 1, 2 and 3). Effects of pretreatment with L-arginine and/or carnosine and their combination on plasma amino acid concentration and different nitrogenous compounds as well as Fischer's ratio. Table 1 represents plasma amino acids concentration and different nitrogenous compounds in nmol/ml as well as Fisher's ratio in the control, hypoxic rats as well as different treated groups. Sodium nitrite treatment caused a highly significant decline in the concentration of proline, citrulline, histidine as well as Fisher's ratio at (p< 0.001), while it caused significant elevation in the concentration of alanine, isoleucine, tyrosine, phenylealanine, tryptophan, urea, ammonia, tuarine and total AAA at (p < 0.001) compared with the control group. The concentration of valine in the hypoxic rats treated with L-arginine was significantly decreased compared with that of the control and hypoxic rats, whilst such treatment caused highly significant decrease in the concentration of leucine and isoleucine compared with the hypoxic group only (p < 0.001). 3.147± 0. 54 ***b *P < 0.05, slight significant, **P < 0.01 was considered significant, ***P < 0.001 was considered highly significant; Data are expressed as mean ± SEM; n=10. a: Significantly different from control group. b: Significantly different from sodium nitrite-treated group.
The administration of aforementioned antioxidants before sodium nitrite treatment caused highly significant decline in the concentration of aromatic amino acids, hence the treatment with L-arginine alone, or in combination decreased the concentration of tyrosine and phenylalanine compared with the hypoxic rats. The treatment with carnosine alone caused a highly significant decrease in the concentration of tyrosine and phenylalanine compared with hypoxic group. Ammonia and urea levels were highly significantly increased in the hypoxic group compared with that of the control. Interestingly, combined treatment of the hypoxic animals with L-arginine and carnosine exerted a synergistic antioxidant effect indicated by the significant decrease in the urea concentration. The concentration of total BCAA in the hypoxic rats treated with either L-arginine, or carnosine alone decreased compared to the hypoxic group. Also, the concentration of total AAA was significantly decreased in the groups of the hypoxic rats pretreated with the previous antioxidants either alone, or in combination (p < 0.001).Administration of the hypoxic rats with carnosine alone, or in combination with L-arginine significantly increased Fisher's ratio compared to the hypoxic groups, while this ratio was significantly decreased in the groups in which hypoxic rats pretreated with L-arginine compared with the control group (p < 0.001).
DISCUSSION
Hypoxia is caused by the failure of oxygen supply to reach the blood, resulting in low blood oxygen tension in the arterial and venous blood. The rate of diffusion of oxygen from the blood to the tissue is consequently reduced causing the symptom of oxygen lack. The hypoxic cells are particularly susceptible to oxidative stress, a phenomenon commonly known as "oxygen paradox", leading to free radical generation (Goldfarb and Sen 1994) . Free radicals are now directly involved in the pathogenesis of various diseases and aging (Akaike 2001) . Sodium nitrite is widely used as an additive in the cured meat products to fix their color, improves flavor, enhance the palatability, inhibit Clostridium botulinum growth and toxin formation Andrew 2011, 2012) . The administration of sodium nitrite in high concentrations for long time induces hemic hypoxia and impaired cerebral energy. The underlying mechanism of this effect is mainly due to increased methemoglobin formation (Ger et al. 1996; Kanti and Syed 2011; Gluhchevaa et al. 2012) . Nitrite methemoglobinemia is known to cause free-radical generation, as nitrite can stimulate the oxidation of ferrous ions in oxyhemoglobin to form methemoglobin as well as various ROS radicals generation, which impaire oxidant / antioxidant balance, causing cellular damage (Gladwin et al. 2004; Muller et al. 2007 ).
Significant decline in hemoglobin concentration after sodium nitrite treatment as observed in the current study was previously reported by Kohn et al. (2002) . L-arg and/or carnosine pretreatment significantly upregulated hemoglobin concentration in the hypoxic rats and their combination gave best result regarding blood hemoglobin concentration. These findings were similar to those of Tarumoto et al. (2007) , which found that L-arg administration to anemic elderly patients suffering from renal disease resulted in an increase in their hemoglobin levels. The pronounced anti-ischemic effects of carnosine in the brain and heart are due to the combination of antioxidant and membrane-protecting activity, proton buffering capacity, formation of complexes with transition metals, and regulation of macrophage function (Stvolinsky and Dobrota 2000) . ROS not only cause the peroxidation of the polyunsaturated fatty acids in the neuronal membrane structure, but also affect the proteins localized within the membrane, therefore altering the three dimensional structure of the membrane, and finally disrupting its selective permeability characteristics (Kanti and Syed 2011) . This leads to the consequent release of injury marker enzymes whose release is correlated with the changes in plasma membrane integrity and/or permeability. These were in harmony with the results of the present work in which hypoxic rats showed a slight significant increase in the serum LDH activity. Such increase offers another supporting evidence of hypoxic oxidative damage due to sodium nitrite treatment. However, the levels of these markers were significantly reduced in L-arg and/or carnosine pretreated hypoxic rats. It has been previously documented that ATP level is markedly reduced in the hypoxic brain tissue and that idebenone and/or L-arg pretreatment ameliorates the depleting effect of nitrite-induced hypoxia on brain ATP content, suggesting that their protective effect may be mediated through improving the cerebral energy metabolism (Nayira et al. 2010) . L-arg itself has been reported to protect the tissues and organs against ischemiareperfusion injury as evidenced from the significant increase in the level of total antioxidants, and the decrease in the level of MDA in the rats (Krauss et al. 2009 ). The antioxidative action of carnosine are not only due to the binding of lipid oxidation products, but also due to the interaction with active oxygen species. Carnosine may also serve as a scavenger of peroxyl and hydroxyl radicals and singlet oxygen and superoxide anion oxygen, and neutralize hypochlorite anions by forming stable chloramine complexes (Severina et al. 2000) . The antioxidative properties of carnosine make it an effective treatment in a variety of inflammatory conditions, related to cellular membrane damage (Zaloga et al. 1997) . Zhang et al. (2011) reported that the pretreatment with carnosine significantly reduced the infarct volume and decreased MDA level in the hypoxiaischemia brain damage rats. The results of the present work were similar to these findings. Pretreatment with L-arg and/or carnosine, either alone, or in combination significantly down regulated the MDA serum level. Almost all the oxygen captured by the lungs during the critical illness is utilized for ATP synthesis by the oxidizing glucose and fatty acids in the mitochondria of the cells. As a consequence, inadequate ATP is produced by the hypoxic cells, leading to cellular metabolic dysfunction (Seon et al. 2013) . BCAAs represent much of the mass of muscle for the production of ATP and protein synthesis after incorporation into the tissue (Elwyn 1970) . Oxygen deficiency prevents the use of BCAAs, as the mitochondrial electron transfer system is unable to operate smoothly. For this reason, the concentration of BCAAs in the plasma increases as a consequence of oxygen deficiency. On the other hand, tyrosine and phenylalanine are mainly metabolized by the liver. Thus, an increase in the levels of AAAs results from the attenuation of the metabolic capacity of the liver caused by the exposure to hypoxic conditions (Haruhiro and Akiko 2011) . Zunić et al. (1993) reported increased total free amino acid and urea concentrations in the plasma, indicating protein and amino acid metabolic alterations in anemic Belgrade laboratory (b/b) rats. Plasma alanine, glutamine, tyrosine, and phenylalanine concentrations were increased. The significantly reduced molar ratio between valine + leucine + isoleucine and phenylalanine + tyrosine suggested severe disturbance in the hepatic energy-producing system and derangement of hepatic energy status. A better oxygen supply to the liver could normalize the hepatic energy status. These findings suggested that the metabolic disturbances in the b/b rat were the consequence of hypoxia due to the severe anemia (Zunić et al. 1993 ).
In the current study, plasma amino acids pattern was estimated in the hemic hypoxic group. The levels of the BCAAs as well as AAAs were elevated in the hypoxic group, whereas a lower Fischer's ratio was observed. In L-arg and/or carnosine pretreated hypoxic rats, BCAAs and AAAs levels were significantly decreased, whereas Fischer's ratio was increased compared with the hypoxic group. These results were in accordance with that of Haruhiro and Akiko (2011) . In the present study, plasma arginine and citrulline levels declined in the hypoxic rats, showing the alteration in the function of the hepatic urea cycle, which depended mainly on the ATP, which was depleted after sodium nitrite administration. The levels of these amino acids were increased in Larg and carnosine, either alone, or in combination pretreatment compared with the hypoxic group. Similar results have been documented by Zunić et al. (1993) and Haruhiro and Akiko (2011) . Plasma proline level was decreased in the hypoxic rats. This resulted in ATP depletion, which led to the inhibition of γ-glutamyl kinase, This, in turn, affected the synthesis of proline. Administration of aforementioned antioxidants up regulated proline level compared with the hypoxic group. The reduction in the citrulline and proline levels is typical of acute hypoxic hypoxia (Haruhiro and Akiko 2011) . It has been reported that chronic hypoxia decreases the cellular content of glutamate, but increases that of glutamine. Taken together, the hypoxia-induced changes in the enzymes related to glutamate metabolism and transport are consistent with a decrease in the extracellular concentration of glutamate (Kobayashi and Milhorn 2001) . Other findings suggested partial protection for the female rats against early hypoxic insult in the cerebellum, and that down-regulation of α-aminobutyric (GABA) -A receptors (Eung-Kwon et al. 2011) . Similar results were obtained in the present study; the level of glutamate and GABA was decreased, whereas use of the antioxidants modulated these amino acids alterations. Wijekoon et al. (2004) reported that plasma concentrations of the gluconeogenic amino acids aspartate, serine, glutamine, glycine, and histidine were decreased, whereas taurine, alphaaminoadipic acid, methionine, phenylalanine, tryptophan, and the three branched-chain amino acids levels were significantly increased in the Zucker diabetic fatty (ZDF Gmi fa/fa) rat during insulin-resistant stage . Also, it was reported that hypoxia caused a considerable increase in plasma taurine and phosphoserine levels, while the remaining amino acids (except valine, cystine, isoleucine, leucine and anserine) were decreased significantly (al-Bekairi 1989) . These were similar to the present results, as the pretreatment with Larg and carnosine, either alone, or in combination nearly normalized the previously mentioned amino acids levels compared with that of hypoxic group.
CONCLUSION
Fischer's ratio was useful tool for evaluating the level of acute hypoxia without systemic tissue damage and to evaluate the synergy between L-arg and carnosine in ameliorating the amino acids pattern alteration induced by sodium nitrite.
